: Actual prestigious properties of maize inbred lines -a good initial basis for the efficient development of new and yielding maize hybrids. Vol. 40, No2,[121][122][123][124][125][126][127][128][129][130][131][132][133] This study conforms our hypothesis that there are elite maize inbred lines, which can be considered actual and prestigious as they have not only a property of the water status and a greater grain dry down rate during the maturation period, but also a property of the efficient photosynthetic-fluorescence model that is successfully used in the contemporary processes of breeding, and thereby in the development of new and yielding maize hybrids. Presented results obtained on the dynamics of grain dry down during the maturation period and on photosyntheticfluorescence parameters (temperature dependence of the chlorophyll delayed fluorescence intensity, the Arrhenius plot for the determination of critical 122 GENETIKA, Vol. 40, No. 2, 121 -133, 2008. temperatures, i.e. phase transition temperatures and the activation energy) show that properties of the observed inbreds are based on effects and nature of conformational and functional changes occurring in their thylakoid membranes and other chemical structures of grain tissues. Summarised results of studies on actual and prestigious properties of maize inbreds will contribute to more exact, rational and expeditious proceedings of contemporary processes of breeding.
INTRODUCTION
In recent times, binding complex processes of fundamental sciences with multidisciplinary ones has become the necessity. This study encompasses such attempts that have been made between breeding, photosynthesis, biophysical chemistry and fluorescence in maize inbreds and hybrids. The present study analyses the development of dominant processes of the stated scientific disciplines and discovers the functional sites of their efficient interdependence.
Maize breeding has been intensively developed during the last 60 years. As a result of such an activity, over 1,100 maize hybrids for grain and silage have been developed. Contemporary technical and technological prerequisites for conducting a modern process of breeding were provided (DUVICK, 1984; TRIFUNOVIĆ, 1986; IVANOVIĆ et al., 1995; RADENOVIĆ and SOMBORAC, 2000) . Regardless of such a colossal success in maize breeding, eagerness and enthusiasm of the overall research have not been slowing down. The search for new methods and exact approaches in the completion and enrichment of the research within maize breeding and the seed production has been continued.
Our methods of photosynthetic fluorescence studies are a good example of such successful attempts.
The development of studies on maize photosynthesis was quite different. Namely, although photosynthetic processes are very spread, highly productive in their intensity, very complex in their nature, and vastly studied in their scientific actuality, their application in maize breeding is still insignificant. It is almost impossible to make a distinct, direct interrelationship between photosynthesis and breeding. Such a state is probably a consequence of the existence of several functional interrelations that unify conformational and dynamic changes within chloroplasts and their thylakoid membranes, on the one hand, and effects of numerous environmental stress factors on them, on the other hand (RADENOVIĆ et al., 2003a (RADENOVIĆ et al., , 2007b (RADENOVIĆ et al., , 2007c .
Biophysical chemistry methods contributed, to a great extent, to connecting studies on photosynthetic and transport processes in the thylakoid membrane and in different chemical grain structures to the processes of fluorescence spectroscopy, chemical kinetics and the dynamics of grain dry down during its maturation period (RADENOVIĆ, 1994 (RADENOVIĆ, , 1998 RADENOVIĆ et al., 2007a RADENOVIĆ et al., , 2007b RUBIN et al., 1988) .
The delayed chlorophyll fluorescence (DF) phenomenon can be described as an occurrence of luminescence (bioluminescence) within the red range of the visible spectrum produced by plant systems: bacteria, algae and higher plants (maize) immediately upon their intermittent illumination (excitation) (in case of maize upon illumination of the intact leaf) (RADENOVIĆ, 1992 (RADENOVIĆ, , 1994 (RADENOVIĆ, , 1997 MARKOVIĆ et al., 1987 MARKOVIĆ et al., , 1993 MARKOVIĆ et al., , 1996 MARKOVIĆ et al., , 1999 . DF was discovered by STREHLER and ARNOLD (1951) in their attempt to reveal a nature of induction illumination in a form of bioluminescence. Numerous studies, especially those of the last 25 years (JURSINIC et al., 1982; JURSINIC, 1986; MARKOVIĆ et al., 1996 MARKOVIĆ et al., , 1999 VESELOVSKI and VESELOVA, 1990; RADENOVIĆ, 1992 RADENOVIĆ, , 1994 RADENOVIĆ, , 1997 RADENOVIĆ et al., 1994a RADENOVIĆ et al., , 1994b RADENOVIĆ et al., , 2001a RADENOVIĆ et al., , 2001b RADENOVIĆ et al., , 2002a RADENOVIĆ et al., , 2002b RADENOVIĆ et al., , 2003a RADENOVIĆ et al., , 2003b RADENOVIĆ et al., , 2004 revealed the direct connection between DF and photosynthetic processes, in which DF was considered as an unavoidable indicator -a susceptible "probe" for experimental photosynthetic studies in the intact leaf of maize inbreds RADENOVIĆ, 1992 RADENOVIĆ, , 1994 RADENOVIĆ, , 1997 RADENOVIĆ et al., 1994a RADENOVIĆ et al., , 1994b RADENOVIĆ and JEREMIĆ, 1996; MARKOVIĆ et al., 1987 MARKOVIĆ et al., , 1993 MARKOVIĆ et al., , 1996 MARKOVIĆ et al., , 1999 KALAUZI et al., 2006) .
Today, as well as, in the near future, DF shall be an efficient tool, i.e. a modern methodological approach in studies of certain, often very complex photoprocesses in the light phase of photosynthesis. In relation to this approach, thermal processes of chlorophyll DF, are considered the actual scientific issues. Within the scope of the stated, issues on the activation energy and critical temperatures within activities of the total induction processes of chlorophyll DF, arise. (RADENOVIĆ et al., , 2003a (RADENOVIĆ et al., , 2004 .
In relation to the stated above, studies on photosynthetic fluorescence of thermal processes of chlorophyll DF in the intact leaf of observed maize inbreds lines, i.e. the determination of critical temperatures at which conformational and functional changes occur in the thylakoid membrane and revealing the activation energy in them, are considered the actual scientific issues. Moreover, the objective of this study was to determine the dynamics of the grain dry down in the maturation period of maize inbreds.
MATERIALS AND METHODS
The studies were carried out with two maize inbred lines, ZPPL 233 and ZPPL 62, belonging to the collection of the Maize Research Institute, Zemun Polje. The principal traits of the stated inbreds are as follows: the inbred line ZPPL 233 is a result of the ZPL 375 x ZPPL 25-10-1 cross, while it has not to be forgotten that the inbred line ZPL 375 was derived from the following cross: H108 x Mo17. Hence, the observed inbred ZPPL 233 belongs to the FAO 500 maturity group. The kernel is classified as the semi-flint/semi-dent type and is yellow, while the cob is pink. This inbred, as a female component, is included into the hybrid ZP 578. On the other hand, the inbred line ZPPL 62 is of the FAO 350 maturity group and represents a BSSS heterotic group. The kernel of this inbred belongs to semident/dent type and the cob is red. This inbred, as one of components, is included into hybrids ZP 260, ZP 341, ZP 360 and ZP 434. Traits of greater grain dry down rates at the maturation and satisfactory tolerance to high and very high temperatures and drought are prestigious properties of these inbreds. The overall studies of the stated maize inbred lines encompassed the following two series of experiments: 1) photosynthetic fluorescence measurements done on the intact leaf and 2) observations of the water status and the dynamics of greater grain dry down rates at the maturation carried out by the method of oven-drying at 105 o C to the constant weight. Photosynthetic fluorescence measurements were performed for three years during July, August and September. The grain dry down rates at the maturity were estimated on the basis of an average sample drawn from five ears. In order to observe the water status, the plants were picked up at the black layer maturity, i.e. at the physiological maturity. Measurements of the grain water status were done seven days later and lasted for about 35-42 days. The dynamics of grain dry down at the maturation was observed not less than five years, because of a great instability of this property in the majority of maize inbred lines.
The test plants were grown in the experimental field of the Maize Research Institute and were brought to the laboratory during morning hours (between 7 a.m. and 8 a.m.). Plants sampled in the field were transversally cut in the ground internodes. In the laboratory, plants were internode lengthwise placed in water. Two hours prior to the fluorescence experiment, the plants were kept under the black ball glass. A segment of ear intact leaves was taken from such plants and placed into a chamber of the phosphoroscope (Fig. 1) . The intact leaf segments were kept in the chamber (in the dark) for at least 15 minutes. These tests were performed with 180 plants of each inbred line.
The improved non-invasive photosynthetic fluorescence method used to measure chlorophyll DF is schematically presented in Fig. 1 . This block scheme of the photosynthetic fluorescence method was developed at the Maize Research Institute, Zemun Polje. Measurements of changes in the intensity of chlorophyll DF were performed after a method that had been both, in principle and details, described in previous papers (RADENOVIĆ 1992 (RADENOVIĆ , 1994 (RADENOVIĆ , 1997 MARKOVIĆ et al. 1996; RADENOVIĆ et al. 2001a RADENOVIĆ et al. , 2002a . 
The temperature dependence and temporal parameters of thermal processes of the delayed chlorophyll fluorescence of the observed maize inbred lines
The impacts of temperature, ranging from 15 to 60 o C, on the dynamics of the changes in stationary DF level were studied. The thermal curve is a curve that shows the dynamics of changes in the stationary DF level intensity in dependence on a temperature. The trend of its establishing is presented in the Fig. 2 and relates to both tested maize inbreds. The dynamics of the changes in chlorophyll DF depending on a temperature is presented in Tab. 1. Namely, the temperature dependence of observed maize inbreds is expressed over the temporal parameters of thermal processes of chlorophyll DF. The observation of the thermal curve course and the analysis of the duration of certain segments point out to the existence of several critical temperatures (phase transition temperatures) at which smaller or greater conformational and functional changes occur in the thylakoid membrane. The temperature dependence of the chlorophyll DF intensity is an important photosynthetic fluorescence parameter. There are two obvious trends in the dynamics of chlorophyll DF intensity changes -ascending with segments b, c, and d, and descending with segments d, e and f. Results obtained on the segment duration are presented in Tab. 1. 
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The Arrhenius plot for the determination of critical temperatures and conformational changes in the thylakoid membrane of the tested inbreds
All critical temperatures (phase transition temperatures) at which even the smallest conformational and functional changes occurred in thylakoid membranes of the studied maize inbreds were determined by the application of the Arrhenius plot on the linearisation of the chlorophyll DF temperature dependence and are presented in Fig. 3 and Fig. 4 . 
Activation energies and critical temperatures in the thylakoid membrane of studied inbreds
Studies on the thermal curve of chlorophyll DF encompassed not only the temperature dependence with temporal parameters and Arrhenius plot, but also the estimation of values of activation energies and critical temperatures (phase transition temperatures) in the thylakoid membrane of the studied inbreds. Obtained results on activation energies and critical temperatures are shown in Tab. 2. 
Dynamics of changes in the grain water status during the maturation of the studied inbreds
Dynamics of changes in the grain water status and dry down during the maturation of the studied inbreds are a prestigious property of these inbreds to which great attention is paid in the process of contemporary selection. Obtained results are presented in Tab. 3. 
DISCUSSION
This study was an attempt to answer the following questions by setting up two series of contemporary and authentic tests: 1) are there reliable and prestigious properties of elite maize inbreds by which planned progress in maize selection can be achieved? and 2) what kind of maize inbreds should they be?
The first series of experiments included photosynthetic fluorescence studies on conformational and functional changes in the thylakoid membranes of the intact leaf of studied maize inbreds. The temperature dependence of thermal processes of chlorophyll DF for the studied maize inbreds is presented in a form of establishing (Fig. 2) and final magnitudes for segments of the thermal curve (Tab. 1). In such a way, overall thermal properties of the photosynthetic apparatus were determined (RADENOVIĆ et al., , 2001a (RADENOVIĆ et al., , 2007b (RADENOVIĆ et al., , 2007c . The results and the discussion of presented parameters of the total thermal processes of chlorophyll DF, such as, the temperature dependence of the chlorophyll DF intensity, critical temperatures and the activation energy can contribute to more exact characterisation of studied maize inbreds in relation to their adaptability, tolerance and resistance to stress effects of temperatures and drought (RADENOVIĆ et al., , 2003a (RADENOVIĆ et al., , 2007b (RADENOVIĆ et al., , 2007c . Presented photosynthetic fluorescence properties of studied inbreds can contribute to more exact, rational and expeditious proceedings of selection processes.
The second series of experiments encompassed the thermal studies of the specific grain water status and grain dry down rates at the maturation. Transport processes and dry down rates at the grain maturation are a very important and prestigious property to which a great economic and scientific importance is ascribed in the process of studying and the development of maize inbreds and hybrids (RADENOVIĆ, 1998) . The grain dry down rate at the maturation period is a very complex process and depends on the several following parameters: a) the osmotic pressure of the grain in the maturation period; the osmotic pressure is prone to the external atmospheric pressure, which is inclined to great changes (frequent air currents, changes in relative humidity and the like) that contribute to its uneven alterations; furthermore, the osmotic pressure in the grain depends on the structural properties of chemical compounds and the nature of their chemical bonds with water; b) the pericarp structure and thickness and its water permeability, that is water transport capacity through such a structure; c) the content and structure of starch grains, including their binding affinity to water; d) morphological properties of the ear; e) morphological properties of the grain; and f) other physical and chemical parameters of a chemical structure of the grain, which establish the interaction with water. ACKNOWLEDGEMENT These 30-year studies encompassing the development of methods, experimental investigations and theoretical discussions were mainly supported by the Maize Research Institute, Zemun Polje, and partially by the Ministry of Science of Serbia and Yugoslavia (projects: 03E22, 12E11, 143043, 142025) .
